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cartilage in s/+ animals have upregulated production of HtrA-1, DDR-2,
and MMP-13. HtrA-1 and DDR-2 are signiﬁcantly upregulated in 6 month
s/+ animals compared to +/+ animals. Following upregulation at 6 and
9 months, HtrA-1 and DDR-2 are less prevalent at 12 months. MMP-13
upregulation begins at 6 months of age and continues to 12 months. The
upregulation of biomarkers seen using IHC precede major OA changes,
which may lead to the degeneration of articular cartilage.
Conclusions: It was established that the s/+ mouse shows signs of prema-
ture OA development and was found to be a non-dwarfed, murine model
useful in studying the pathogenesis of OA. Additionally, the upregulation
of HtrA-1, DDR-2, and MMP-13 appear to play signiﬁcant roles in the
development of OA.
Biomechanics & Gait
134
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Purpose: Obesity is considered a risk factor in knee osteoarthritis patho-
genesis, but the evidence of obesity as a risk factor for knee osteoarthritis
progression is inconsistent. In obese knee osteoarthritis patients the combi-
nation of increased load and changed joint biomechanics may be regarded
as an underlying principle for the risk of disease progression. The de-
terminative role of gait biomechanics, in particular knee joint loads, in
knee osteoarthritis progression is generally accepted. Further, weight loss
is recommended as treatment of choise among non-surgical interventions.
Only few studies have investigated the effect of weight loss on knee joint
loading and among these only effects of relatively small weight losses were
studied. Accordingly, the purpose of this study was to investigate the effect
of a signiﬁcant weight loss obtained during a short period of time on knee
joint loading in obese knee osteoarthritis patients.
Methods: Patients referred to an intense 16 weeks dietary weight loss
program were included. To estimate effects of weight loss on knee joint
loading three-dimensional gait analyses were performed before and after
the intervention. The primary outcome is change in total knee joint loading,
measured at self-selected walking speed. Knee joint forces were estimated
using standard inverse dynamics, and a statically determinant knee model.
Per protocol mixed linear regression analyses were performed relating the
change in body mass to the change in knee joint loads. The analysis was
repeated adjusting for knee joint mechanical axis, age, gender and change
in walking speed and pain were included. From the regression analyses the
slopes of the linear best ﬁt regression lines were the outcomes.
Results: 192 (BMI>30) patients were included in the diet intervention
study and of those, 156 patients, with a baseline gait analysis, completed
the intervention. The mean baseline body mass of the 156 patients was
101.4 kg (95% CI 99.1 to 103.6). After the intervention the mean body mass
was 87.8 kg (95% CI 85.8 to 89.9) and the average weight loss was 13.7
kg (CI -14.4 to -12.9) corresponding to 13.5%. The average reduction in
knee joint loading was 220.9 N (95% CI -312.4 to -118.0). The unadjusted
Figure 1. Best linear ﬁt regression line, with beta-coeﬃcient = -23.969 (P=0.010), for the
association between weight loss and change in dynamic knee joint loading.
regression analyses showed a signiﬁcant association between change in
body mass and change in knee joint loading with a slope value of 20.3 N
(95% CI 0.4 to 40.2; P=0.048). The adjustment for covariates did not change
these results and a signiﬁcant association between change in body mass
and change in knee joint loading was observed (ﬁgure 1). The slope of the
linear regression line shows that a weight loss of 9.81 N (1 kg) results in a
24.0 N (95% CI 6.0 to 42.0; P=0.010) reduction in knee joint loading.
Conclusions: These data show that the reduction in the load exerted on
the knee is aproximately twice as could be explained by loss in body mass
alone. A large weight loss achieved in a short amount of time is clinical
relevant in order to reduce the total knee joint load during walking in
obese knee osteoarthritis patients.
135
GAIT ALTERATIONS AND THEIR ASSOCIATIONWITH RADIOGRAPHIC
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Purpose: Biomechanical alterations, in particular those of gait and dynamic
joint loading, are important factors in the pathogenesis of lower extrem-
ity osteoarthritis (OA). For example, at the knee, the external adduction
moment is a validated and widely used surrogate marker of medial com-
partment knee loading, and has been associated with radiographic severity,
pain, and progression in knee OA. However, such a marker has not yet
evolved in hip OA and much less is known about the association of gait
alterations in hip OA with symptomatic and structural disease. Here, we
evaluate dynamic hip loading in unilateral hip OA vs. normal controls, and
characterize the association with pain and radiographic severity.
Methods: 64 participants with symptomatic unilateral hip OA and asymp-
tomatic knees were evaluated. Standard AP pelvic radiographs were scored
for Kellgren Lawrence (KL) grade at the hips, and site-directed WOMAC
pain visual analog scale was completed for the index hip. Gait analyses
were performed using an optoelectronic camera system and multicompo-
nent force plate. Participants walked at their normal walking speed. Peak
joint moments were calculated using inverse dynamics, and moments were
adjusted to body weight times height (%BW*ht) to allow for comparisons
between participants. 32 control participants of similar age, but without OA
or symptoms were also evaluated. Paired samples t-tests and independent
samples t-tests were used to make comparisons within participant and
between normals, respectively. Pearson and Spearman correlations were
used to evaluate relationships between gait variables, pain and KL severity.
Results: The 64 participants with hip OA (26 M; 38 F) had a mean age
(SD) of 62±11 yrs. 20 had KL 2, 21 had KL 3 and 23 had KL 4 hip OA.
The 32 controls (16 M; 18 F) had a mean age (SD) of 60±6 yrs. Data
from the affected hip and contralateral limb of the OA group and that of
control participants are summarized in the Table. Peak joint moments were
signiﬁcantly lower at the affected hip of hip OA participants, compared
to the contralateral unaffected hip, as well as compared to the hips of
control participants (p<0.05 as noted in Table). Gait speed, as expected,
was signiﬁcantly less in the hip OA group compared to controls. Linear
regression was used to adjust for speed, stride and hip range of motion
on differences in the moments between the groups. Results remained the
same after this adjustment, except that the hip external rotation moment
and hip ﬂexion moment were no longer signiﬁcantly different between the
hip OA and control groups (p>0.05). Finally, KL grade at the affected hip
was inversely associated with the hip adduction (rho=-0.410), hip ﬂexion
(rho=-0.387), hip internal rotation (rho=-0.457) and hip external rotation
Table 1
Affected hip Contralateral hip Control
Gait speed (meters/second) 1.09±0.15+ 1.11±0.18+ 1.21±0.20
Stride (meters/height) 0.73±0.06+ 0.74±0.07+ 0.80±0.08
Cadence (steps/minute) 106±12 106±12 107±11
Hip range of motion (degrees) 22±9*+ 30±6 32±5
Hip adduction moment (%BW*ht) 3.12±0.98*+ 3.43±0.95+ 5.03±0.94
Hip abduction moment (%BW*ht) 1.65±0.86 1.76±0.90 1.60±0.72
Hip ﬂexion moment (%BW*ht) 4.92±1.56*+ 5.79±2.11 6.21±1.66
Hip extension moment (%BW*ht) 2.11±0.93+ 2.23±0.90+ 3.71±1.58
Hip internal rotation moment (%BW*ht) 0.49±0.33*+ 0.62±0.38+ 0.91±0.30
Hip external rotation moment (%BW*ht) 0.40±0.40+ 0.48±0.28+ 0.65±0.35
*p<0.05 compared to contralateral; +p<0.05 compared to control.
